ABSTRACT---The propagation of thermally generated stress waves in a dispersive elastic rod was investigated both experimentally and analytically.
Introduction
In recent years, many developments, particularly in the aerospace and nuclear sciences, have necessitated the design of structural components to withstand severe temperature increases. If the rate of heating is great enough, the structure must not only withstand the thermal gradients and resulting quasi-static stresses, but also dynamic stresses. These dynamic stresses result from the material's inertial resistance to rapid thermal expansion. Such inertial stresses develop when the rate of heating is of the same order as the mechanical response of the structure.
Thermoelastic phenomena were first considered by Duhamel 1 in 1837. He noted that, for slow temperature rates, the inertia of the material could be neglected. Static thermal stresses have since been treated in the theory of elasticity. It is only in recent years that investigators became concerned with the problems of dynamic thermoelasticity; that is, the study of thermal stresses for rates of heating at which the inertia effects of the material must be considered. Danilovskaya ~ (1950) and Mura 8 (1952) did some of the initial studies. Subsequently, many investigators have approached various problems in dynamic thermoelasticity by different analytical means. Also, several authors have attempted to enlarge upon the general theory of thermoelasticity. [4] [5] [6] There is, however, an obvious lack of experimental effort in the area of dynamic thermoelasticity. A literature survey has revealed only four papers of an experimental nature. Of these four papers, Michaels 7 (1961) did demonstrative work on the thermal generation of stress waves by depositing There are a few analytical studies specifically concerned with dynamic thermoelasticity of rods or bars. Michaels preceded his experimental work by an analytical study n (1958) of a nonuniformly heated long rod. He used Fourier transform techniques to solve the simple-wave equation with a thermoelastic term added. His solution is restricted to wavelengths much greater than the rod diameter. Burgreen 12 (1962) discussed the motion of uniformly heated rods, as did Austin. la In a recent paper, Penner and Sharma ~ (1966) discussed their use of the technique developed by Michaels to study analytically the deposition of laser radiation on the end of an absorbing bar. However, for the approach to be valid, the wavelengths must be long compared to the bar diameter, which would severely limit the absorptivity of the bar material or the diameter of the bar.
Experimental Mechanics
The general or exact elastic theory for the dynamic response of a bar is formulated in the Pochhammer-Chree 15 equations. The solutions to the Pochhammer-Chree equations are extremely cumbersome and a simplification based upon the assumptions of strength of materials leads to the modified form of the simple wave equation derived by Love. 16
Description of Investigation
The problem considered in this study was the generation and propagation of elastic stress waves in a material, due to very rapid nonuniform heating, by absorption of electromagnetic energy. The specific objectives of this study were to develop an experimental scheme which would facilitate the quantitative measurement of thermally generated stress waves, and to obtain a theoretical model with which to compare the experimental results.
The experimental scheme used to investigate the phenomenon of thermally generated stress waves was to deposit energy from a Q-switched ruby laser onto the end of a colored-glass rod cemented to an aluminum Hopkinson pressure bar. This provided a rapid internal deposition of energy into the glass in times very short compared to the mechanical response time for the material. The stress waves thus generated propagated down the bar and were measured using a thin piezoelectric crystal sandwiched into the pressure bar.
The theory to which the experimental results were compared was that described by Love's modified-wave equation. The thermoelastic problem was reduced to a homogeneous partial differential equation with appropriate boundary and initial conditions. The problem was then solved by the separation of variables technique.
Laser
There are several features about the Q-switched ruby laser which make it particularly suited for this work:
1. Commercial laser calorimeters are available which make it relatively simple to measure the amounts of energy involved.
2. The ruby laser produces energy (light) of only one wavelength, thus calculations of energydeposition distribution can be simplified in that it is only necessary to know the absorption coefficient of the absorbing material at one wavelength. It is not necessary to work with energy and absorption spectra.
3. The energy-deposition distribution can be controlled by an appropriate choice of absorbing material and thus varying the absorption coefficient.
4. Since laser energy is in the form of visible light it can be focused, split, attenuated and otherwise controlled by simple optical means.
5. The system should readily model other forms of electromagnetic energy deposition. Figure 1 is a schematic of the general experimental setup. The laser head, which contains the ruby rod and the xenon flash lamps, and the capacitor bank to drive the flash lamps are of Lawrence Radiation Laboratory design. The ruby rod, when excited by the light from the flash lamps, radiates monochromatic light at a wavelength of 6943 ~k.
